In most countries a smaller fraction of women than men graduate with a degree in science, technology, engineering, or math (STEM). Figure 1 , for example, shows the female share of all bachelor degree graduates in 8 OECD countries in 2011 2012, and the shares in science and engineering. In every country but Japan, women represent a majority of graduates but less than half of those are in science or engineering.
1 This under representation has important consequences not only for the science professions but also for the disparity in economic status between men and women. An analysis of recent data for the U.S. and Canada, for example, suggests that the gender gap in the likelihood of graduating with a STEM related degree explains up to a fifth of the wage gap between younger college educated men and women in both countries. 2 In this paper we use rich administrative data on high school courses and grades for a cohort of students from the province of Ontario to study the choices that lead to a 13 percentage point gender gap in the probability of enrolling in a STEM program at university.
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Although not all the students who enter a STEM program will graduate with a STEM degree, attrition rates from STEM programs appear to be similar for males and females (Dooley, Payne and Robb, 2012) . Moreover, most programs have a rigorous multi year course sequence so students who do not initially enroll in a STEM program have little chance of graduating with a 1 A large existing literature documents and analyzes the gender gap in STEM fields -see e.g., Barnett (2009), Hill, Corbett and St. Rose (2010) , Ceci et al. (2014) , and Sax et al (2016) . Kahn and Ginther (2017) provide a review of this literature. 2 See Appendix Table 1 , where we present regression models for wages of females and males with a bachelor degrees or more in the 2006 Canadian Census and the 2009 U.S. American Community Survey. 3 As explained below, we define STEM programs to include engineering, physical and natural sciences, math, computer science, health science (including nursing), environmental science, architecture, and agriculture.
2 2 STEM degree. Thus, we take entry to university in a STEM program as a proximate endpoint for understanding the gender gap in STEM.
Our analysis builds on three features of the Ontario education system that are broadly similar to those in many other countries that do not use national tests for college admission.
First, high school graduates apply to specific programs at universities in the province (e.g., computer science at the University of Toronto), enabling us to easily identify those who are likely to graduate with a STEM degree. Second, applicants are ranked on the basis of their grades in standardized courses offered in the fourth year of high school, with each program specifying a set of prerequisite courses. No other factors are considered for admission to the vast majority of programs. 4 As a result, courses and grades in the last year(s) of high school fully determine a student's opportunities at the university level. A third feature of the Ontario system is that the math courses needed for STEM readiness are (essentially) limited to students who have taken prerequisite math classes in earlier grades. This allows us to identify students who are on track to graduate with the needed courses to enter STEM programs at university.
We use two complementary data sets to analyze the gender gap in STEM entry. We begin with data on 400,000 university entrants from 2005 to 2012. We show that STEM entry for both genders is mediated through a simple measure of STEM readiness based on completion of at least 3 STEM related classes in the last year(s) of high school. 5 Matriculants who fail to meet this minimal standard have only a 5% chance of entering any STEM program in the province, while those who are STEM ready have an 80% chance of enrolling in STEM, with 4 A few specialized arts and music programs require students to submit a portfolio or similar material. 5 As explained below, Ontario high schools offer various "tracks" for 12th grade classes. The critical courses required for entry to university STEM programs are in the university preparation track. Students can and do often take a fifth year of high school to take or retake these courses.
3 similar rates for men and women. Most of the gender gap in STEM entry is therefore attributable to the gender gap in STEM readiness, rather than to differences in program choices conditional on readiness.
In the second stage of our analysis we use detailed transcript data for a province wide cohort of public high school students to study the determinants of STEM readiness. At the end of high school, females have nearly the same overall rate of STEM readiness as males, and slightly higher average grades in the prerequisite math and science courses. The mix of STEM related courses taken by men and women is different, however, with a higher concentration of women in biology and chemistry and a lower concentration in physics and calculus.
We perform a simple counterfactual exercise to decompose the gender gap in the STEM readiness rate into two channels: one representing the difference in the fractions of females and males who enter university with the needed prerequisites for STEM readiness, and another representing the difference in overall rates of entering university between females and males. 6 The first channel is small: 14.5 percent of females enter university with the necessary courses to qualify as STEM ready, compared to 15.3 percent of males. The main driver of the gender gap is the fact that many more females (44%) than males (32%) enter university. Simply assuming that non STEM ready females had the same university entry rate as non STEM ready males would narrow the gender gap in the fraction of university entrants who are STEM ready from 14 percentage points to less than 2 percentage points.
While lower rates of university entry by non STEM oriented males accounts for most of the gender gap in STEM readiness, it is still surprising that females end up with a slightly lower 4 4 rate of STEM readiness than males, since females are more likely to be on track to achieve STEM readiness in earlier years of high school. 7 We therefore examine the determinants of STEM related course taking conditional on course choices and achievement in 11 th grade. We find significant gender gaps in the probability of taking physics and calculus that are partially offset by a gap in the opposite direction for biology. A simple counterfactual analysis suggests that if females achieved the same STEM readiness rate as males conditional on being on/off track at the end of 11th grade, they would complete high school and enter university with a 2 percentage point higher STEM readiness rate, instead of the 1 point shortfall we observe.
Finally, we examine the characteristics of non STEM ready students. Relatively few non science oriented men complete high school with enough advanced level courses in humanities and social sciences to qualify for university. This gap is evident as early as 9th grade, where males are less likely than females to complete the academic track classes that lead to these advanced level courses.
Overall, our analysis suggests that many higher achieving female students tend to select non STEM courses in the last years of high school, despite having done well in math in 11 th grade. These choices may detract from their being able to register in STEM programs. The effect of these choices is modest, however, relative to the impact of the fact that so many more non STEM oriented women enter university than their male counterparts a gap that is traceable back to choices made at the beginning of high school.
readiness depends on the differences between males and females for both the numerator and denominator of this expression. 7 A common stereotype is that females have lower math ability than males. However, in most countries including the U.S. and Canada, the gender gap in mean math performance at high 5
I. Institutional Background and Classification of STEM Programs

a. Background
Ontario students enter their first year of high school (9th grade) at age 14 or 15 and are expected to graduate in four years, though many spend a fifth year. 8 At each grade (or "level" in the terminology of the province) most courses are offered in two parallel tracks: academic and applied. Students who choose a given track in level 1 (9th grade) math or language arts typically follow the same track in later years although there are options to switch tracks. Level 4 (12th grade) courses in languages, math, and science are split into "university preparation" (UP) and "college preparation" tracks, with entry to UP math and science classes limited to students who have completed academic track math at level 3. There are also "mixed" courses in areas such as history and geography that fulfill the requirements for university entry, and other courses for students who do not intend to pursue tertiary education (see Ontario Ministry of Education, 2011, for an overview).
As might be expected in this tracked system, course selections in early grades have a substantial effect on the probability of entering university. Card and Payne (2015) , for example,
show that the university entry rate is about 70% for males and females who complete 9th grade academic track courses in math and language arts with grades of 70/100 or better, while those who fail to complete these two gateway courses have less than a 10% entry rate.
1
In their final year of high school students can apply to one of the 20 universities in the province though a centralized system known as the Ontario University Application Centre school is small see Hyde et al. (2008) for an analysis using NAEP scores, and Else Quest, Hyde, and Linn (2010) 
II. Pathways for STEM Entry
In this section we use data on multiple cohorts of university entrants to develop a measure of STEM readiness which summarizes the high school preparation of different students.
We then use this measure in Section III to classify students in our high school cohort data set as STEM ready or not, and study the determinants of STEM readiness.
We follow this two step approach because our high school data set lacks information on the program choices of university entrants: we know only whether a whether a student registered at an Ontario university. Given the sequential nature of the choice problem faced by students, however, we believe there is little or no loss in using a two step approach. Students have to choose their level 4 courses before they apply to university, and only know their admission offers after they have finished high school. If STEM entry were fully mediated by STEM readiness (i.e., STEM readiness were both necessary and sufficient to enter a STEM program) then a student's choice problem in the last year of high school could be reduced to a decision about whether to take the needed classes to become STEM ready. 11 While our measure of STEM readiness does not fully mediate STEM entry, it is close to a necessary 8 8 requirement. Moreover, we construct the measure to match the stated entry requirements for most STEM programs in the province, so it is clearly sufficient. We also believe it closely approximates any "rule of thumb" that guidance counselors would recommend to students in choosing their courses in the final year of high school.
a. Course Taking Patterns for Registrants
We obtained data from OUAC on high school graduates who registered in an Ontario university between 2005 and 2012. The data set includes information on the level 4 courses taken by each applicant and their grades in these courses. In addition it includes demographic information and the university program into which the student initially registered, which we classify as STEM or not using the categories in Table 1 .
Appendix Table 3 summarizes the characteristics of the university entrants in the OUAC data. We limit attention to registrants who were attending a public high school in Ontario and were between 17 and 20 years of age at the time of their application. We also require that students have complete information on their level 4 courses and grades. The resulting sample includes 413,656 new university entrants, 57.5% of whom are female. Overall, 30.3% of females (a total of 72,033 women) and 42.5% of males (a total of 74,763 men) enrolled in a STEM program. Note that the gap in the proportion of students within each gender group who register in STEM is large (12 percentage points) despite the fact that nearly half (49%) of STEM registrants are female. This reflects the much larger fraction of females than males who enter university in the province. Table 2 presents information on the fractions of registrants who took each of the 5 main STEM related UP courses in their last year(s) of high school, and the relationship between 9 course participation and STEM entry among female and male students. There are two main math classes (advanced functions and calculus) and three main science courses (biology, chemistry, and physics). Over 90% of both male and female STEM registrants took functions and chemistry. By comparison, only about one half of female STEM registrants took physics and less than 60% of male STEM registrants took biology. These patterns are consistent with well known gender differences in entry to different types of STEM programs. Female students in Ontario, like those in the U.S., are more likely to enter life sciences (which generally require functions, chemistry, and biology as prerequisites), whereas males are more likely to enter engineering programs (which generally require functions, calculus, and physics).
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In light of the stated prerequisites for many STEM programs and the course taking patterns in Table 2 we developed a simple indicator of STEM readiness based on successful completion of advanced functions, at least one of biology and calculus, and at least one of chemistry and physics. This simple measure captures the typical prerequisite set for both life sciences programs (functions, biology, chemistry) and engineering/physical sciences programs (functions, calculus, physics), so we consider it sufficient for STEM readiness. It also appears to be close to a necessary condition for STEM entry. As shown in the bottom row of Table 2 , about 89% of females and 92% of males who registered in a STEM program met our measure of STEM readiness, whereas only 5% of females and 6% of males who failed to meet our measure were able to enter a STEM program.
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12 Hill et al. (2010, Figure 5) show that first year female students in the U.S. are more likely to indicate an intended major in biological sciences than men, and less likely to indicate an intended major in engineering.
An examination of STEM programs entered by students who are not STEM ready shows that many of these are programs like environmental science and kinesiology that fall outside the b. Gender Differences in STEM readiness and STEM entry STEM readiness status largely determines whether students will be accepted into a STEM program if they apply. Not all students who are STEM ready, however, apply to STEM programs or choose to enter one if accepted. We therefore ask: how much of the gender gap in the probability of registering in a STEM program can be attributed to the difference in STEM readiness, versus the choice to pursue a STEM program, conditional on STEM readiness?
To proceed, note that that the probability of choosing a STEM program (denoted by "STEM") conditional on registering (denoted by "Reg") can be decomposed as:
where SR is an indicator for STEM readiness. The average values of the terms in this expression for females and males are presented in Table 3 . As shown in the second row of the table, 30.3%
of female students register in STEM compared to 43.5% of males a 13.2 percentage point gap.
STEM readiness rates differ substantially between male and female registrants (with an overall gap of 13.8 percentage points) while rates of entering STEM conditional on SR=1 or SR=0 are fairly similar for females and males, suggesting that most of the difference in STEM entry is attributable to STEM readiness.
The simple counterfactuals in the lower part of the table give a more precise breakdown. As a starting point, note that for both females and males, the second term in equation (2) is:
traditional natural and life sciences and do not require at least 3 STEM related UP courses as Thus, the gender gap in STEM registration is attributable only to the first term in equation (1).
Assuming STEM ready females had the same probability of registering in STEM rate as STEM ready males, the gap would be 11.2 percentage points (85% of its actual value); whereas assuming males had the same rate as females, the gap would be 10.5 percentage points (81%).
These calculations imply that less than one fifth of the registration gap is attributable to differences in choices made by female and male registrants, conditional on STEM readiness. The majority (81 85%) is due to differences in the rate of STEM readiness.
c. A Closer Look at STEM entry by STEM ready Students
A possible concern with the counterfactual analysis in Table 3 is that our measure of STEM readiness does not account for differences in the grades received by females and males.
In particular, if females and males have different average grades in their math and science classes they may be admitted to STEM programs at different rates, contributing to the gender gap in STEM entry rates between STEM ready women and men. Table 4 presents some summary information on course grades of female and male registrants in our OUAC sample. To simplify comparisons between students who took different combinations of level 4 courses, we first convert a student's grade in a given course into a percentile rank within the distribution of grades for registrants who took that course in a given cohort. We then construct the average rank of each student's 6 best grades, and the average rank of their top 3 STEM related classes. 14 Since female students have different average grades prerequisites. 14 For STEM related classes (advanced functions, calculus, biology, chemistry, and physics) we compute ranks within the distribution of scores for all students who took the class (in a given cohort or gender/cohort) but we only report average ranks in top 3 STEM related courses for students who are STEM ready, and therefore took at least 3 STEM related courses.
than males, we also constructed a "within gender and cohort" rank for each student's grade in each course. Averages of these ranks are only comparable within a gender group.
The upper panel of Table 4 compares the average ranks of female and male students in their top 6 classes. The tendency for female students to earn higher course grades in high school is reflected in their higher within cohort rank: 0.52 versus 0.47 for males. For both gender groups STEM ready students have higher average grades than the overall population of registrants, with a 9 percentile gap among females and an 8 percentile gap among males. STEM ready students who actually enter STEM programs (columns 3 and 6) have even higher mean ranks, though the differences relative to the STEM ready subpopulation are small (+1 percentile points).
The lower panel of Table 4 compares the average ranks of the top 3 STEM related courses for STEM ready students. Females have a slightly lower average rank on their top 3 math and science classes (1 percentile point lower than males). Thus, their higher average rank for their top 6 classes is driven by higher grades in non STEM related courses. Students who register in STEM have about 3 percentiles higher average scores in their STEM related courses than the overall STEM ready subpopulation, with a similar degree of selectivity for females and males.
With these average ranks in hand, we turn to the question of how differences in grades affect the gender gap in the probability of registering in a STEM program. Table 5 presents a set of linear probability models for the event of registering in STEM, fit to the combined population of STEM ready male and female registrants. We begin in column 1 with a benchmark model that includes only a dummy for female gender. As noted in row 4 of Table 3 , the gender gap in STEM registration is 5.0 percentage points. The model in column 2 introduces cohort effects, a 13 complete set of dummies for each high school in the province, and student level demographics, including age dummies and controls for foreign born status, main language spoken at home, and gifted/special needs status. These controls widen the gender gap slightly to 5.8 percentage points.
In column 3 of Table 5 , we introduce controls for each student's average rank on his or her top six level 4 classes, and the average rank based on his or her top three math/science classes. The estimated coefficients on these two averages are highly significant and show strong comparative advantage in program selection. Students with higher grades in STEM related courses are more likely to enter STEM, holding constant their overall top 6 grades, whereas students with higher overall grades are less likely to enter STEM, holding constant their top 3 math/science grades. 15 Controlling for both sets of average ranks, the gender gap in STEM entry falls to 1.7 percentage points. The narrowing of the gender gap relative to the specification in column 2 is explained by the higher average rank of females on their top 6 classes (contributing 2.9 points), their lower average rank on their top 3 math/science classes (contributing 0.9 points), and small changes in the coefficients of several of the control variables (contributing 0.3 points). Interestingly, the most important factor is therefore female's comparative advantage in non STEM related courses.
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15 The average rank on a student's top 6 courses is roughly an average of their average rank on their top 3 STEM related courses and their average rank on their top 3 non STEM courses. Thus the coefficients in column 3 imply that the probability of registering in STEM varies with 0.47× (Average Rank on Top 3 STEM related classes) 0.26×(Average Rank on Top 3 non STEM classes). 16 We also estimated the model in column 3 allowing an interaction between a female dummy and the coefficients on the two rank variables. In this specification, the effects of rank on the top 3 STEM related courses and the top 6 courses are 0.79 and 0.57 for males, and 0.68 and 0.47 for females. Thus the relative effects of the ranks in STEM courses and all 6 courses are similar for males and females, but course ranks exert a smaller effect on females (85% as large).
We interpret the comparisons of ranks in Table 4 and the regression models in Table 5 as supportive of two conclusions. First, STEM readiness is a relatively good summary of the differences in end of high school qualifications of female versus male students. In particular, conditional on STEM readiness, females have only very slightly lower average grades in their top 3 math and science courses, offset by higher grades on their non STEM courses. Second, the relatively small (5 percentage point) gender gap in the probability of registering in STEM conditional on STEM readiness falls to under 2 percentage points when we account for the higher grades that STEM ready females have in non STEM related courses, and their slightly lower grades in science and math courses. Arguably, then, our summary of high school courses that relies only on courses taken and ignores grades overstates the importance of gender related preference for STEM versus non STEM classes.
III. Preparing for STEM at High School
a. High School Cohort Data
We now turn to our high school cohort data, focusing on course taking in the last year whether they registered in either type of institution. 18 We also have access to some personal information, including age and gender, indicators for gifted or special needs status, and nativity.
Finally, we merge the student records with data on the characteristics of the school the student attended in 9th grade, including an indicator for whether it is a Catholic school, the share of students in the 9th grade cohort who drop out or disappear from our sample, and the share of 9th grade students classified as non English/French language learners. We also merge in information on the characteristics of the neighborhood around the school, including distance to the nearest university and vocational college, mean household income, fraction of single parent families, and the share of visible minorities.
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Since our focus is on university entry, we limit attention to students who are observed taking level 4 courses within 5 years of entering high school. Summary statistics for our resulting analysis sample are reported in Appendix Table 4 . Overall, we have 135,261 students, 50.3% of whom are female. Eighty percent of the females in the sample applied to an Ontario vocational college or university within 5 years of entering high school, compared to 70% of males.
Interestingly, this gender gap in entry to tertiary education is entirely a result of the higher fraction of females than males who enter university (44% versus 32%). The rates of entry to vocational college are nearly the same for females and males (25% versus 26%).
18 Course information is available for students who move between publicly funded high schools, but not for those who leave the publicly funded system (i.e., move out of province or switch to a private school). 19 We use the so called "Forward Sortation Area" (FSA) which is based on the first three digits of the postal code of the high school to identify the neighborhood. Statistics Canada supplies tabulations of the 2006 census by FSA that we use to measure neighborhood characteristics. Table 6 shows the fractions of female and male students in our high school sample who took each of the 5 main STEM related UP courses, as well as their average grades in these courses and the average grades received by two subgroups: those who achieved STEM readiness, and those who achieved STEM readiness and registered in university. In the last rows of the table we also show the fractions of students that achieved STEM readiness, the fractions that registered in university, and the STEM readiness rate among registrants.
b. Course Taking Patterns at Level 4 and the Gap in STEM readiness
Two key patterns emerge from the table. First, as would be expected given the comparisons among registrants in Table 2 , females are more likely to take biology in their last year of high school, whereas males are more likely to take physics. Males are also somewhat more likely to take advanced functions and calculus, while females are somewhat more likely to take chemistry. Despite these differences, at the end of high school 17.9% of females are STEM ready, compared to 18.8% of males a gap of only 0.9 percentage points. Interestingly, the gender gap in the fraction that is STEM ready and registers in university is comparable: 14.5% of females versus 15.3% of males. Since many more females than males register in university, however, the difference in the probability of being STEM ready, conditional on registering, is 14.1 percentage points very close to the 13.8 point gap we measured in our OUAC sample of registrants.
A second finding is that in all five STEM related UP courses, female course takers have either the same or slightly higher grades than males. As would be expected, however, STEM ready students have higher grades than average course takers, and STEM ready registrants have even higher grades, with a higher selectivity differential for males than females in math and physics. Accounting for these selection effects, STEM ready females have slightly lower average grades than STEM ready males in functions and physics, slightly higher average grades in biology and chemistry, and about the same average grades in calculus.
We are now in a position to assess the role of STEM readiness at the end of high school in determining the gap in STEM readiness among registrants. Using the same notation as in equation (1), the probability of being STEM ready (SR=1) conditional on registering in university (Reg) can be decomposed as:
The average values of the terms in this expression for females and males in our high school cohort are shown in Table 7 . The difference in the numerator of equation (2) between female and male students is small: 14.5% versus 15.3%. The gap in the denominator is much larger (43.5% versus 32.2%). Since the denominator is just the numerator plus a component attributable to the behavior of non STEM ready students, it is clear that most of the gap in the probability of STEM readiness among registrants is due to the much higher rate of registration of non STEM ready females (35.3%) than males (20.9%).
Columns 4 and 5 summarize the outcomes for female students and the resultant gender gaps if we assume that non STEM ready females had the same probability of entering university as non STEM ready males. Under this counterfactual the university entry rate of females would fall to 31.6% and the gender gap in STEM readiness of entrants would fall from 14.1 percentage points to 1.6 percentage points. An alternative counterfactual is to assume that non STEM ready males have the same probability of entering university as non STEM ready females. This would raise the registration rate of males to 44% and narrow the gap in the STEM readiness of entrants to 1.5 percentage points. Under either counterfactual about 90% of the STEM readiness gap is due to the higher rate of university entry by non STEM ready females.
c. Level 3 Math Achievement and Course Taking Patterns at Level 4
Although the gender gap in STEM readiness at the end of high school is relatively small, the lower rate of participation in UP math and science courses by female students is potentially surprising given that in earlier years of high school females perform somewhat better than males in academic track math. Based on patterns of entry to level 4 STEM courses we decided to categorize students as on track for STEM readiness if they achieved a grade of 70 or higher in level 3 academic math, and "off track" if they scored less than 70 or failed to take the course.
Using this classification, the total share of students who are STEM ready and enter university after high school (i.e., the numerator of equation 2) can be decomposed as:
+ P(Reg|SR=1, Offrack) × P(SR=1|Offtrack) × P(Offtrack)
The first expression represents the contribution of on track students to the overall share of STEM ready registrants. The second expression represents the contribution of off track students.
Panel A of the table shows the mean values of 3 first terms in equation (3) for female and male students, while panel B shows the corresponding last 3 terms. Comparisons of the various terms for females and males lead to two key conclusions. First, since only 5 6% of students who are off track at the end of 11 th grade become STEM ready, the overall contribution of off track students is small (2.5 percentage points for females and 3.2 percentage points for males see row 8). Second, among students who are on track, the probability of becoming STEM ready is substantially lower for females (54.8%) than males (63.4%), offsetting the higher fraction of females who are on track. This analysis suggests that a higher fraction of females than males who have been doing well in advanced math up to 11th grade decide to opt out of STEM related courses. This difference can account for a modest share (around one fifth) of the gap in STEM readiness between females and males, relative to the counterfactual in which well prepared females pursued advanced track math and science courses at the same rate as well qualified males.
d. University Entry by non STEM ready Students
As a final step in our analysis, we examine the group of students who fail to take the minimum set of math and science courses to be STEM ready. In view of the standards for university admission in Ontario, we classify students as university ready if they successfully complete at least 5 qualifying level 4 classes (i.e., UP or mixed track courses). We then divide all high school students in our cohort sample into 3 groups: university ready and STEM ready 20 ; university ready and not STEM ready; and not university ready. 20 Our definition of STEM readiness requires that students have successfully completed at least 3 UP math and science classes. A small fraction of these students (4% of females and 7% of males) do not have enough other qualifying courses to meet our threshold for university readiness.
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The entries in panel A of Table 9 show that 56% of all female students are university ready by their last year of high school, versus 49% of males. Females and males have very similar rates of being university and STEM ready (17.2% versus 17.4%). Thus, virtually all of the gender gap in the overall rates of university readiness is attributable to the smaller fraction of males who are university ready but not STEM ready.
The entries in panel B of Table 9 give university registration rates for all students and those in each of the three subgroups. As noted in Table 7 , females have much higher overall rates of entry into university than males (45% versus 32%). Conditional on readiness status, however, the gender gaps in registration rates are small. Registration rates for females and males who are university and STEM ready are 83% and 85%, respectively, while the rates for those who are university ready but not STEM ready are also quite similar (72% versus 70%).
Moreover, university entry rates for students who fail to meet the minimum threshold of at least 5 qualifying courses are very low for both groups 1.3% for females and 1.6% for males.
These patterns mean that the shortfall in the overall university registration rate for males is driven by the lower fraction of men who are university ready but not STEM ready. Indeed, the decompositions in the bottom two rows of Table 9 suggest that virtually all of the shortfall can be explained this way.
We have also examined the course distributions for male and female students in each of the three broad categories introduced in Table 9 . Figure 2 shows the distribution of course titles for each student's top 5 UP and mixed courses for males and females who are STEM ready We also show (in pink) the fractions of university ready but not STEM ready males and females who completed academic track level 3 (11th grade) math with a grade of 70 or higher.
This rate is just under 30% for both females and males, suggesting that most of the students of either gender who end up being university ready but not STEM ready had "opted out" of UP math well before the end of high school.
The third group of non university ready students includes those who fail to take enough level 4 classes to obtain a high school graduation diploma (15% of all females in our high school sample and 20% of all males) and those who obtain a diploma but concentrate on applied courses that prepare them for vocational college and/or direct entry to the workforce (30% of all females and 41% of all males). Most of the students in this group take few if any UP courses and are very far from the threshold needed to achieve university readiness.
22 22 Card and Payne (2015) show that much of the gender gap in university entry in our
Ontario high school sample can be predicted by differences in course selections and grade outcomes in ninth grade. Specifically, they show that students of either gender who fail to achieve a grade of 70 or better in at least one of the two main academic track courses in ninth grade (math and languages) have less than a 10% chance of entering university within the next 5 years. Most of the students who fail to meet this threshold take non academic track courses in levels 2 4 and end up with relatively few UP or mixed courses in their last years of high school.
The 15 percentage point higher fraction of males than females who fall below the threshold is remarkably similar to the gender gap in university readiness that explains the gender gap in overall university entry and the lower share of female students who are STEM ready when they enter university.
IV. Summary and Conclusions
To summarize our main findings, Table 10 combines the decomposition results in Tables   3, 7 , and 9 to show the sources of the 13.2 percentage point gender gap in the fraction of newly entering university students who enroll in a STEM program. Overall, 2.1 percentage points are attributable to a lower rate of entering a STEM major by STEM ready females than males (row 1a); 1.7 percentage points are attributable to the slightly lower fraction of females than males who are STEM ready at the end of high school and the slightly lower fraction of STEM ready females who enter university (row 2a); and 9.4 percentage points are attributable to the higher fraction of non STEM ready females who finish high school with enough qualifying classes to be university ready.
In addition to these main findings, our analysis points to several other key differences between female and male students. On average, females have about the same average grades in UP math and sciences courses as males, but higher grades in English/French and other qualifying courses that count toward the top 6 scores that determine their university rankings.
This comparative advantage explains a substantial share of the gender difference in the probability of pursing a STEM major, conditional on being STEM ready at the end of high school.
We also find that females are more likely than males to be on track to take STEM related courses in their last year of high school, as measured by obtaining a grade of 70 or higher in level 3 academic track math. But fewer of these females take enough STEM related UP classes to achieve STEM readiness, so females end up slightly less STEM ready at the end of high school. This slippage presents a potential opportunity for policies to raise the fraction of females who complete three or more math and science courses in level 4, though we suspect that again the forces of comparative advantage may compel at least some of the on track female students to opt out of STEM courses.
A final pattern revealed by our analysis is the wide divergence in course taking between students who are STEM ready at the end of high school and those who are university ready but not STEM ready. Very few of the latter group are on the margin of STEM readiness, and less than 30% were on track for STEM courses at the end of 11th grade. University bound students in
Ontario schools tend to specialize early, suggesting that any attempt to raise the fraction of STEM ready students will require significant changes in student course taking starting at the earliest years of high school. Note: See note to Table 2 . a/ STEM readiness designation is based on having successfully completed at least 3 Level 4 math and science classes --see Table 2 . Table 2 for sample information and definition of STEM readiness. Table entries represent mean rank of top 6 level 4 classes (panel A) or of top 3 STEM related courses (panel B) for student group in column heading. Samples in columns 1 and 4 exclude students who fewer than 6 Level 4 classes.
(1) Table 2 for sample information. Note: Entries derived from sample described in Table 6 . See notes to Table 6 for definition of STEM ready.
a/ Counterfactual under assumption that STEM ready share of female students and probability of registration conditional on STEM readiness do not change, but probability of registatation for non STEM ready females is set to male rate. Under this assumption, female registration rate falls to 31.6% and percent STEM ready if registered rises to 45.8% Note: Entries derived from sample described in Table 6 .
Counterfactual: Give Females P(STEM Ready|Track) for Males a/
Gender
Gap Gender Gap a/ Probabilities of STEM readiness at end of high school for females are recalculated assuming females have same probabilities as males of achieving STEM readiness given either "on track" or "off track" at end of Level 3. Probabilities of being on/off track and probabilities of registration, conditional on STEM readiness and on/off track status are held constant, as are probabilities of registration for students who are not STEM ready. Notes: See notes to Table 6 . University readiness is defined as having completed at least 5 University Preparation or Mixed Track Level 4 courses. STEM readiness is defined as having a minimum of 3 STEM related level 4 courses. Component due to gap in registration choices of non STEM ready students to register (denominator effect of equation 2)
Of 9.4 point gap due to registration choices of non STEM ready students:
Component due to gap in registration conditional on university readiness
Component due to gap in university readiness 9.4 71
Female Male Gap
Share of Overall Gap (%)
Notes: see notes to previous tables. Decompositions are formed using average of alterative counterfactuals.
(1) 
